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INTRODUCTION 


INTRODUCTION 

The  chemical  fire  extinguisher,  contrary 
to  general  belief,  is  not  a  recent  invention. 
Records  show  that  the  use  of  cheraicals  for  the 
extinction  of  fires  has  received  attention  for 
many  years.   The  first  acid-soda  machine  knov/n 
to  have  been  successful  in  operation,  was  used 
in  London  in  the  year  1816,  and  application  was 
made  in  the  United  States  by  William  A. Grahiam 
for  a  patent  on  a  similar  machine  in  1837. 

Although  numerous  fire  fighting  devices 
using  chemicals  have  been  placed  on  the  market 
in  recent  years,  comparatively  few  have  proven 
to  be  of  any  value,  the  reason  being  that  many 
were  defective  in  design  or  incorrect  in  prin- 
ciple.  Of  late,  the  tendency  on  the  part  of 
manufacturers  has  been  to  improve  the  design  of 
existing  devices  rather  than  attempt  to  invent 
new  means  of  extinguishing  fire.   This  is  due 
no  doubt,  to  the  fact  that  the  comps.rative  ex- 
tinguishing powers  of  different  solutions  and 
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PLATE  1. 
EXTINGUISHER  -  REAR  VIEW. 


INTRODUCTION 

compounds  are  well  known;  and  it  is  unlikely 
that  any  improvements  can  "be  made  except  in  the 
design  of  the  device. 

The  term  chemical  extinguisher  is  hroad 
and  applies  to  any  of  a  number  of  different  tjrpes 
of  devices  which  use  chemicals  as  either  a  direct 
or  an  indirect  means  of  extinguishing  fire.   The 
one  type  of  chemical  extinguisher  with  which  we 
are  concerned  in  this  thesis  is  that  in  which 
sulphuric  acid  and  sodium  "bicarhonate  are  used. 
This  type  is  known  variously  as  the  "acid  and  so- 
da" machine,  "carhonic  acid  gas"  extinguisher, 
or  simply  as  a  "chemical  extinguisher". 

Such  extinguishers  may  "be  further  described 
by  referring  to  the  method  of  liberating  the  acid:  ' 
one  in  which  a  sealed  bottle  must  be  broken  in  or- 
der to  release  the  acid  is  called  a  "  break  bottle" 
extinguisher;  if  the  acid  container  has  a  stopple 
which  falls  away  from  the  opening  when  the  ex- 
tinguisher is  inverted,  the  machine  is  designated 
as  an  "inverting"  or  "  loose  stopple  "  extinguisher 
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INTRODUCTION 

The  acid-soda  extinguisher, forming  the 
BUhject  of  this  thesis,  is  of  tlie  loose-stopple 
inverting  type,.  The  operation  of  such  an  extin- 
guisher is  very  simple  in  itself,  and  requires 
hut  brief  explanation.   When  the  tank  is  inverted, 
the  acid  is  caused  to  flow  into  the  solution  of 
sodium  hicarbonate,  and  as  a  result  of  the  reaction 
of  the  two  chemicals  enough  pressure  is  produced 
to  force  the  solution  out  of  the  engine  v/ith  con- 
siderable velocity. 

The  cheraiceJ.  reaction  involved  in  the  oper- 
ation of  an  acid-soda  machine  is  as  follows: 
H4S04+  2IIaHC03  --  2C0|t^-Fa^S0^■^2H  ,,0 

The  amounts  of  acid,  soda,  and  water  to  be 
used  as  a  normal  charge  are  specified  for  each 
size  of  extinguisher.   The  norraal  charge  for  the 
forty  gallon  chemical  extinguisher  used  in  these 
tests  consists  of  7  pounds  of  66   Be.  sulphuric 
acid,  "0  pounds  of  commercial  bicarbonate  of  soda, 
and  33  gallons  of  water. 
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IlITRODUCTIO]!* 

The  series  of  tests 'performed  in  this 
thesis  comprises  what  is  perhaps  the  most  ex- 
tensive investigation  attempted  thus  far  to  as- 
certain the  effects  of  deviations  from  the  nor- 
mal charges  upon  the  operating  characteristics 
of  an  extinguisher. 

Underwriters'  Lahoratories  subject  extin- 
guishers to  certain  standard  operating  tests  in 
which  normal  charges  are  used,  and  in  which  the 
only  variable  factor  is  the  temperature.  Thru- 
out  such  tests  the  pressure,  the  character  of 
the  stream,  and  the  distance  covered  by  the 
stream  are  observed  at  regular  intervals  of 
time.  The  object  of  these  tests  is  to  determine 
the  effectiveness  of  the  machine  in  operation 
tmder  normal  conditions  of  charge  at  certain 
chosen  temperatures. 

However,  investigations  of  the  effects  on 
the  operating  characteristics  of  usin^  charges 
other  than  normal  as  well  as  various  temperatures 
have  been  few  in  number,  and  any  tests  cf  this 
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nature  which  have  been  made  v/ere  certainly  not 
extensiye.  In  fact,  there  are  no  available  rec- 
ords of  any  operation  tests  of  this  kind. 

In  I9I7,  a  series  of  tests  was  made,  of 
experimental  nature  and  scope  somewhat  similar 
to  this  investigation,  except  that  all  tests 
were  made  with  closed  nozzle.  The  object  of 
these  tests  was  to  determine  v/hat  effects  the 
variations  of  charges  and  temperature  would 
have  on  the  pressure  developed  in  the  tank, 
with  closed  nozzle.  However,  the  investigation 
thus  carried  out  had  nothing  to  do  directly 
with  a  determination  of  the  operating  charac- 
teristics of  the  extinguisher,  and  the  results 
obtained  therefore  have  no  direct  bearing  on 
the  present  investigation. 

The  tests  performed,  although  by  no  means 
exhaustive,  are  intended  to  furnish  data  on  a 
subject  hitherto  uninvestigated, 
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OBJECT 

The  tests  comprising  this  thesis  were 
performed  for  the  purpose  of  determining  the 
operating  characteristics  of  the  extinguisher 
under  various  conditions  of  temperature  and 
charge • 

The  three  values  of  temperature  used,  40, 
70,  and  90  degrees  Fahrenheit,  were  chosen  tie- 
cause  they  are  typical  of  temperature  conditions 
found  in  actual  practice,  and  because  they  fur- 
nished what  was  considered  to  te  a  wide  enough 
range  for  investigation.  Forty  degrees  Fahr,  is 
at)Out  the  lowest  temperature  at  which  the  use  of 
this  type  of  machine  is  permissable,  because  no 
provision  is  made  for  protecting  the  solution 
against  freezing.  Seventy  degrees  was  taken  for 
ordinary  room  temperature,  Hinety  degrees  was 
taken  as  the  ordinary  temperature  to  be  expected 
during  summer  months  in  the  v/armer  climates  of 
the  country. 

Abnormal  charges  of  water,  acid,  and  soda 
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were  used  in  order  to  deteimine  v;hat  effect  such 
abnormal  charges  would  have  on  the  action  of 
the  extinguisher  in  actual  field  use.  Abnormal 
conditions  of  this  sort  are  likely  to  result  from 
carelessness  or  from  great  haste  in  recharging  in 
time  of  need.  One  attempting  to  charge  the  machine 
under  such  conditions  would  have  a  tendency  to 
overcharge  with  water,  in  order  to  have  plenty. 
With  this  assuDiption  in  mind,  it  is  evident  why 
water  charges  of  34,  37,  and  38  gallons  were  cho- 
senfor  use  in  the  ezperinental  work. 

In  the  cases  of  soda  and  acid  the  charge 
used  is  as  apt  to  be  too  large  as  too  small, 
and  a  choice  of  the  amoujits  to  be  used  is  much 
more  difficult  than  a  choice  of  water  charge  or 
temperature.  In  view  of  the  fact  that  an  exten- 
sive investigation  v/oiild  involve  a  great  amount 
of  work  requiring  more  tine  than  was  available, 
an  arbitrary  choice  of  only  a  few  of  the  many 
possible  variations  of  charges  was   necessary, 
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TESTS 

APPARATUS 

The  forty  gallon  chemical  fire  engine 
used  in  these  tests  was  manufactured  by  the 
American  la  France  ?ire  Engine  Company.  The 
engine  consists  of  the  follov/ing  parts:  tank, 
cage,  acid  "bottle  and  stopple;  fifty  feet  of 
heavy  one  inch  rubber  hose,  and  a  quarter  inch 
nozzle  with  a  shut-off  valve,  screwed  into  the 
base  of  which  is  a  pet-cock  for  taking  stream 
sanples,  (Sho?m  in  plate  I),  The  tank  is  a  cyl- 
inder of  cold  drawn  steel  to  which  is  riveted 
a  head  v/ith  a  screv/  cap.  The  cap  is  made  v;ith 
two  three  inch  lugs  by  v/hich  it  is  tightened. 
The  seams  are  v/ell  backed  with  solder  on  the  in- 
side ,  making  the  surface  smooth  and  preventing 
corrosion.  The  overall  dimensions  are:  height 
fifty  two  inches,  diameter  twenty  three  and  seven- 
eighths  inches.  The  cage  is  of  heavy  cast  brass, 
covered  v/ith  non-corrodible  material,  and  rests 
on  projections  in  the  neck  of  the  tank. 
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PLATE     3, 
EXTINGUISHER  -   PARTS 


TESTS  -  APPARA'xUS 

TTTien  the  tank  contains  thirty  three  gallons  of 
water  the  bottom  of  the  cage  jiist  tox-_ches  the 
surface  of  the  \7ater,  indicating  a  normal  charge. 
The  acid  bottle  is  of  "Dutch"  metal  alloy  v;ith  a 
glass  seat  in  the  neck,  upon  which  rests  the  lead 
stopple,  '.Then  the  engine  is  inverted  the  stopple 
falls  av;ay  against  the  cap  of  the  tank.  It  is  of 
such  size  and  shape  that  V7hen  the  engine  is  in- 
verted the  net  area  thrii  v/hich  the  acid  flows  is 
fifty  four  hundredths  square  inches.  The  bottle 
has  a  projecting  ring  near  the  top  which  rests  on 
lugs  in  the  cage.  The  orifice  to  v;hich  the  hose  is 
attached  is  oh  the  top  of  the  tank  to  one  side  of 
the  cap  so  that  it  v/ill  be  at  the  lowest  portion 
of  the  tank  v;hen  it  is  properly  inverted,  (Shown 
.in  plate  2) ,  A  three  inch  spherical  screen  which 
screws  into  the  orifice  stops  particles  of  foreign 
matter  from  following  the  \7ater  into  the  hose  and 
nozzle. 

The  ausllliary  apparatus  included  a  three 
hundred  pound  gauge,  a  one  himdred  degree  ?ahr, 
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PLATE     4 . 
EXTINGUISHER  -   FROTTT  VIEff. 


TESTS  -  APPARATUS 

thermometer,  calibrated  measiiring  rod,  siz-foot 
scale,  stirring  rod,  weighing  scales,  soda  pail 
and  fimnel,  acid  funnel,  and  a  two  gallon  measure, 
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TESTS 

ME'lHOD 

As  previoxisiy  stated,  the  scope  of  this 
investigation  v/as  confined  to  tests  in  v/hich  the 
charges  v;erc  varied  £S  follov/s;  water  S3,  57,  38 
gallons;  soda  14,  15,  20  pounds;  acid  5,6,7 
pounds;  and  at  temperatures  forty,  seventy,  and 
ninety  degrees  ?ahr.  This  schedule  provided  for  a 
series  of  forty  five  tests,  'i'o  facilitate  the  task 
of  getting  the  proper  gtianity  of  v/ater  in  the  tank 
each  time,  ~ie   califcratec.  a  wooden  measuring  red 
by  marking  the  points  on  the  rod  to  v^hich  the 
V7ater  rose  when  there  v/ere  54,  57,  and  38  gallons 
in  the  tank.  The  araoimts  of  soda  for  each  charge 
were  determined  by  weighing  and  were  considered 
accurate  to  one  ounce,  Disolving  the  soda  in  the 
v/ater  lowered  the  temperatxire  four  to  six  degrees 
depending  upon  the  amorjats  each,  hence  for  each 
test  the  correct  amount  of  v/ater,  at  a  temperature 
several  degrees  atove  that  desired  as  final,  v;as 
determ.ined.  The  charge  of  soda  v;as  then  poured  into 
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TESTS  -  METHOD 

tlie  water  and  the  mixture  stirred  until  the  sol- 
ution became  clear  and  ceased  bubtling.  If  at 
this  point  the  temperature  v;as  not  eractly  that 
deisired  it  was  brought  to  the  desired  point  by 
pouring  hot  or  cold  v/ater,  as  the  case  required, 
on  the  otitside  of  the  tank,  The  cage  v/ith  the  bottle 
v;as  then  put  in  as  quickly  as  possible,  the  cap  ad- 
justed, the  hose  attached,  and  the  engine  inverted, 
(Shown  in  plate  2) ,  Readings  of  the  pressure  in  the 
engine  v;ere  taken  every  ten  seconds,  and  the  dis- 
tance reached  by  the  farthest  drops  taken  every 
twenty  seconds.  The  amount  of  residue  remaining  in 
the  tan]:  after  each  operation  was  measured  and  its 
character  as  whether  alkaline  or  acid  determined. 
The  character  of  the  stream  v/as  also  determined 
from  samples  taken  each  twenty  seconds.  The  form  of 
the  stream  vms  observed  each  time  and  noted  v;ith 
the  data, 
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0  U  T  L   I  IT  E 

of 

TESTS 


TEST 

WATER 

SODA 

ACID 

ITo. 

Gals. 

LlDS, 

Lbs 

1 

34 

20 

7 

2 

n 

n 

If 

3 

n 

n 

•1 

4 

37 

20 

7 

5 

If 

•1 

n 

6 

n 

m 

n 

7 

38 

20 

7 

8 

n 

n 

M 

9 

n 

ti 

n 

10 

34 

16 

7 

11 

n 

n 

n 

12 

It 

N 

n 

13 

34 

14 

7 

14 

N 

ti 

It 

15 

1) 

n 

II 

16 

34 

20 

6 

17 

•1 

II 

It 

18 

n 

n 

II 

19 

34 

20 

5 

20 

n 

n 

II 

21 

n 

N 

II 

22 

37 

16 

7 

23 

N 

N 

n 

24 

M 

It: 

n 

25 

37 

14 

7 

26 

M 

n 

II 

27 

n 

n 

it 

28 

37 

20 

6 

29 

n 

II 

II 

30 

n 

H 

n 

TEMPERATUKE? 
Pegs.   FaJir. 

40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 
40 
70 
90 


Continued  on  next  page. 
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.      ) 

TEST 

WATER 

SODA 

ACID 

TTOiTPERATURE 

II2.' 

Gals. 

Lbs. 

LTds. 

Degs,   Pahr. 

31 

37 

20 

5 

40 

32 

n 

» 

•1 

70 

33 

n 

n 

n 

90 

34 

38 

16 

7 

40 

35 

n 

II 

II 

70 

36 

n 

II 

n 

90 

37 

38 

14 

7 

40 

38 

n 

N' 

II 

70 

39 

n 

II 

II 

90 

40 

38 

20 

6 

40 

41 

n 

n: 

II 

70 

42 

N 

Mi; 

II 

90 

43 

38 

20 

5 

40 

44 

n 

II 

H 

70 

45 

n 

HI 

II 

90 
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PART      -    IV  - 


DATA 
and 
CURVES 


OPERATIOir  TEST  UO.  1. 

Water  34  Gals.   Soda  20  L"bs,   Acid  7  Lbs, 
Solution  Temperature  40-§-  degs.  Fahr. 


Time 

Pressure 

Par.  Drops. 

Stream 

Sec. 

Obs. 

True. 

Pt. 

Sarapl es . 

10 

30 

30 

All 

20 

48 

48 

65 

samples 

30 

60 

63 

alkaline, 

40 

70 

69. 

2 

68 

getting 

50 

78 

78 

stronger 

60 

83 

82. 

5 

63  (gas) 

toward 

70 

88 

87. 

5 

end  of 

80 

87 

86. 

5 

62  (gas) 

test. 

90 

85 

84. 

5 

100 

83 

83 

63 

110 

79 

79 

120 

75 

74. 

5 

65 

130 

73 

72. 

5 

140 

69 

68. 

5 

63 

150 

66 

66 

160 

62 

63 

GO 

170 

58 

60 

180 

57 

59 

58 

190 

55 

56 

200 

53 

53. 

5 

55 

210 

52 

52 

220 

50 

50 

55 

230 

49 

49 

240 

48 

48 

55 

250 

46 

46 

260 

45 

45 

53 

270 

41 

41 

280 

32 

32 

GAS 

290 

25 

25 

POIl^T 

300 

16 

16 

310 

11 

11 

REMARKS. 

320 

9 

9 

Residue  in 

tank. - 

330 

7 

7 

3-^-  oz.  strongly  acid 

340 

6 

6 
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OPERATION  TEST  NO.  2. 

Water  34  Gals.    Soda  20  Lbs.    Acid  7  Lbs. 
Solution  Temperature  70  degs.  Fahr, 


Time 

Pressure   Far.  DroiDS, 

Stream 

S£C. 

Obs. 

True. 

Ft. 

Sampl es . 

10 

45 

45 

All  samples 

20 

69 

68.5 

72 

alkaline,  of 

30 

78 

78 

uniform 

40 

88 

87.5 

72 

strength. 

50 

100 

100 

Samples  taken 

60 

105 

105 

72 

every  twenty- 

70 

108 

108 

(gas) 

seconds. 

80 

108 

108 

72 

90 

105 

105 

(gas) 

100 

102 

102 

72 

110 

99 

99 

120 

94 

93.5 

70 

130 

90 

90 

140 

87 

86,5 

67 

150 

83 

83 

160 

78 

78 

65 

170 

75.5 

75 

180 

74 

73.5 

63 

190 

71 

70.5 

200 

68 

67.5 

63 

210 

65 

65 

220 

62 

63 

60 

230 

55 

56 

240 

47 

47 

GAS 

250 

32 

32 

POIUT 

260 

24 

24 

REMARKS. 

270 

15 

15 

Residue  in  tank.- 

280 

11 

11.5 

H 

oz.  strongly  acid 

290 

7 

7 

300 

6 

6 

310 

5 

5 
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OPERATIOT^T  TEST  ITO.  3. 

Water  34  Gals,   Soda  20  LTss.   Acid  7  Lbs, 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Far.  Drops 

Stream 

S^c. 

Ots. 

True. 

St. 

Sampl es , 

10 

50 

50 

20 

87 

86.5 

70 

alkaline 

30 

98 

98 

40 

105 

105 

72 

alkaline 

50 

118 

117.5 

(gas) 

60 

125 

124.5 

70 

alkaline 

70 

127 

126,5 

80 

126 

125.5 

70 

alkaline 

90 

124 

123.5 

100 

120 

119 

70 

alkaline 

110 

111 

111 

120 

106 

106 

68 

alkaline 

130 

102 

102 

140 

98 

98 

65 

alkaline 

150 

94 

93.5 

160 

90 

90 

63 

sli.  acid 

170 

85 

84.5 

180 

81 

81 

60 

acid 

190 

79 

79 

200 

76 

75,5 

60 

acid 

210 

73 

72.5 

220 

58 

59 

GAS 

230 

42 

42 

POINT 

240 

32 

32 

250 

22 

22 

REMARKS. 

260 

15 

15 

Residue 

in  tank.- 

270 

10 

10 

3  02.  strongly- 

280 

7 

7 

acid. 

290 

6 

6 

Good  stream  , 
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OPERATIOIT  TEST  ITO.    4. 

Water  37   Gals.      Soda  20  Lbs.      Acid  7   LTds. 
Solution   Temperature  40   degs.    Fahr. 


Time 

PRESSURE 

Far.  Drops 

Stream 

Sec, 

Ots. 

True 

lit. 

Samples. 

10 

45 

44.5 

20 

62 

61 

60 

All 

30 

76 

7  5.5 

samples  in 

40 

84 

84 

60 

this  test 

50 

85 

85.5 

(gas) 

alkaline. 

60 

83 

83.5 

^60 

70 

83 

83.5 

80 

80 

81 

60 

90 

76 

75.5 

100 

73 

72 

55 

110 

120 

62 

64 

55 

130 

58 

60 

140 

55 

56 

50 

150 

54 

55 

160 

52 

52 

50 

170 

51 

51 

180 

50 

50 

47 

190 

48 

47.5 

200 

46 

45.5 

45 

210 

45 

44.5 

220 

43 

42.5 

45 

230 

42 

41.5 

240 

41 

40.5 

45 

250 

40 

39.5 

(    DATA  C0NTI1\TUE]D   Oil  NEXT   PAGE.     ) 


-    29    - 


DATA  -  TEST  NO.  4  -  CONTIITOED. 

Time      Pressure    Far,  Drops.   Stream 
S_ec,      Obs.   True.     Ft.       Sampl  es 

260 

270        37    37  All 

280        36    36       45        alkaline 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 


RmiARKS. 
Residue  in  tank  4-g-  oz.-  strongly  acid. 


38 

37.5 

45 

37 

37 

36 

36 

45 

35 

35 

34 

34 

42 

32 

32 

32 

32 

42 

32 

32 

23 

23 

GAS 

15 

15 

POIiTT 

12 

12 

9 

9 

8 

8 

7 

7 

5 

5 
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OPERATION  TEST  xTO.  5. 

Water  37  Gals.  Soda  20  Lts.   Acid  7  Lbs. 
Solution  Temperature  70  degs,  Falir. 

Tine  Pressure    J?'ar.  Drops   Stream 

Sec.  Obs.  True       Ft.      Samples. 

10  74  73.5 

20  95  94.5     67     All  sam- 

30  110  110             pies  in 

40  121  120       67     this  test 

50  124  123.5    (gas)   were  alk- 

60  125  124.5     65     aline,  of 

70  122  121      (gas)   about  uni- 

80  110  110       65     form  inten- 

90  100  100             sity. 

100  93  92.5      65 

110       86  85,5 

120       80  80  62 

130       75  74.5 

140       72  71.5  60 

150       68  67.5 

160       65  65  57 

170       63  62 

180       59  57  57 

190       57  56 

200       55  54  55 

2L0       53  52 

220       52  52  55 

230       50  50 

240       49  49  55 

250       47  47 

260       46  46  55 

270       38  38  GAS 

280       33  33  POINT 

290       24  24 

300       15  15 

310       11  11 

320        7  7 


330 
340 


Residue  in  tank,- 
4  oz.  strongly  acid. 
g      g      Very  good  stream  ex- 
g      g      cept  where  marked  gas. 
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OPERATION  TEST  110,    6. 

Water  37  Gals.   Soda  20  Lbs.   Acid  7  Lbs. 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Far.  Drops   Stream 

S^c. 

Obs, 

True, 

It. 

Samples. 

10 

60 

62 

20 

105 

105 

66 

All  sam- 

30 

115 

115 

ples  in 

40 

127 

128 

67 

this  test 

50 

138 

139 

(gas) 

were  al2<- 

ffi 

142 

142.5 

60 

aline. 

70 

144 

144 

80 

136 

137 

52 

90 

127 

127.5 

100 

118 

117.5 

62 

110 

108 

109 

120 

100 

100 

62 

130 

94 

93.5 

140 

88 

88 

60 

150 

83 

83,5 

160 

73 

79 

60 

170 

76 

75.5 

180 

73 

72.5 

60 

190 

70 

69 

200 

66 

66 

55 

210 

63 

63 

220 

60 

62 

55 

230 

58 

60 

240 

53 

54 

GAS 

2  50 

39 

38.5 

POINT. 

260 

32 

32 

270 
280 
290 
300 

20 

14 

10 

8 

20 

14 

10 

8 

Res  id 
4  oz. 

REMARKS. 
ue  in  tank.- 
strongly  acid 

310 

6 

6 

320 

5 

5 
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OPERATION  TEST  ITO.  7, 

Water  38  Gals,   Soda  20  Its.   Acid  7  Lts. 
Solution  Temperatui'e  41  degs.  ]7fhr. 


Tine 

Pressure 

Far.  I)rov>s 

Stream 

S^c 

Ots. 

True 

11- 

Samples. 

10 

45 

44 

20 

60 

60 

50 

All  stream 

30 

77 

76 

sajf.ples  in 

40 

85 

84 

45 

this  test 

50 

90 

88 

(gas) 

moderately 

60 

93 

91 

50 

alkaline. 

70 

88 

86 

80 

82 

81 

45 

90 

77 

75.5 

100 

73 

72 

45 

110 

68 

67 

120 

63 

62 

42 

150 

59 

59 

140 

55 

55 

40 

150 

54 

55 

160 

55 

52 

43 

170 

51.5 

51 

180 

50 

49.5 

41 

190 

48.5 

48 

200 

47 

45.5 

40 

210 

45 

4<'S.  5 

220 

44 

42.5 

42 

230 

43 

42 

240 

42 

41 

42 

250 

40 

39 

(  Data  continued  on  the  next  page.  ) 
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DATA.-    TEST   110.    7    -CONTIITUED. 


Time 

Pressure 

Far.  Drops . 

Stream 

S_ec, 

Obs. 

True 

11- 

Samples 

260 

40 

39 

42 

270 

38 

37 

All 

280 

37 

36 

40 

alkaline 

290 

37 

36 

aoo 

35 

34 

39 

?10 

34.5 

35, 

5 

320 

32.5 

51. 

5 

42 

350 

32.5 

31. 

5 

340 

32.5 

31. 

5 

42 

550 

32 

31 

560 

32 

31 

40 

370 

32 

31 

GAS 

380 

23 

22 

POINT. 

390 

17 

17 

400 

11 

11 

410 

10 

10 

420 

7 

7 

430 

6 

6 

Remarks, - 

Residue  in  ta.nk  -  4^  oz,  ,  acid. 
Poor  stream  at  times,  at  teginning  of 
test  especially.  Much  sputtering. 
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OPERATION  TEST  T\0,    8. 

Water  58  Gals.   Soda  20  Lbs.  Acid  7  LTos. 
Solution  Temperature.  70  degs  Pahr. 

Time      Pressure    Far.  Drops   StreaEi 
S^c.     Ots.   True      Ft.      Samples. 


40       Alkaline 

58 

50 

56 

57  •• 
50  " 
60 

58  " 
63  " 
48  .  " 
45 

45  " 


(Data  continued  on  next  sheet.  ) 


10 

20 

19 

20 

30 

29 

30 

33 

32 

40 

36 

35 

50 

40 

39 

60 

43 

42 

70 

45.5 

44 

80 

48 

46.5 

90 

50 

49.5 

100 

51 

50.5 

110 

53 

51.5 

120 

50 

49.5 

130 

55 

55 

140 

57 

57 

150 

59 

59 

160 

60 

60 

170 

63 

63 

180 

65 

64 

190 

65.5 

64.5 

200 

67 

66 

210 

66 

65 

220 

65.5 

64.5 

230 

65 

64 

240 
250 

65 

6^ 

65 

64 

-  36  - 


DATA  -   TEST  NO.    8.    -    COITTBTUED 


Time 

Pressure 

Par,  Drop 

S_ec. 

Obs. 

True 

11- 

260 

65 

64 

48 

270 

60,5 

60. 

5 

280 

59 

59 

46 

290 

57 

57 

300 

55 

55 

47 

310 

54 

5  A 

520 

52.5 

52. 

5    50 

530 

45 

44 

GAS 

340 

35 

34 

POIIIT. 

350 

30 

29 

560 

20 

19 

570 

13 

13 

580 

9 

9 

590 

6 

6 

Stream 
Sampl es 

Slight,  acid 


Acid, 


REMARKS. 

Residue  in  tank.-  4  oz.  strongly  acid. 

Excellent  stream  for  the  first  200 
seconds  ,  then  ordinary. 
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OPERATIOIT  TEST  NO.  9. 

Water  38  Gals,   Soda  20  Lbs.   Acid  7  Lbs, 
Solution  Temperature.  90  degs.  Pahr, 


Time 

Pressure 

Par.  Drop 

B   Stream 

S^c, 

Obs. 

True 

Pt. 

Samples 

10 

85 

82 

20 

105 

102 

62 

All  stream 

30 

115 

114 

samples  in 

40 

127 

126 

65 

this  test 

60 

132 

132 

(gas) 

moderately 

60 

138 

138 

55 

alkaline. 

70 

140 

140 

80 

135 

135 

65 

90 

128 

127.5 

100 

125 

121 

60 

110 

115 

113 

120 

105 

104 

58 

150 

100 

99 

140 

92 

90 

55 

1«) 

86 

84 

160 

81 

80 

50 

170 

78 

77 

180 

75 

73,5 

53 

190 

75 

71 

200 

70 

68 

53 

210 

65 

64 

220 

64 

63 

52 

250 

60 

60 

240 

58 

58 

50 

250 

55 

52.5 

GAS 

260 

41 

40 

POIITT. 

270 

52 

51 

280 

25 

22 

RELIARKIS.  - 

290 

16 

15 

Residuf 

rr  1 

3  m  tank.- 

300 

11 

10 

3^  oz. 

strongly  acid 

510 
320 

8 
7 

8 
7 

Gasket 

leaked  badly. 

Good  stream  except 
at  60  seconds. 
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OPERATION  TEST  NO.  10. 

Water  34  Gals.   Soda  16  Lbs.   Acid  7  Lbs. 
Solution  Temperature  40  degs.  Pahr. 


Time 

Pressure 

Far.  DroTDS 

Streara 

S_ec, 

Obs. 

True 

Ft. 

Sampl  es 

10 

45 

44 

20 

59 

60 

72 

All  sam- 

30 

72 

71 

ples  in 

40 

89 

88 

72 

this  test 

50 

90 

89 

alkaline, 

60 

89 

88 

70 

moderate 

70 

85 

84 

intensity 

80 

79 

78 

68 

90 

75 

74 

100 

70 

69 

65 

110 

65 

64 

120 

61 

61. 

5 

65 

130 

58 

58. 

5 

140 

56 

56. 

5 

63 

150 

55 

55. 

5 

160 

54 

54. 

5 

60 

170 

52 

52 

180 

50.5 

50 

57 

190 

49.5 

49 

200 

48 

47. 

5 

55 

210 

47 

46 

220 

45 

44 

53 

230 

43 

42 

240 

42 

41 

53 

250 

40 

39 

260 

40 

39 

50 

270 

39 

38 

280 

37 

36 

50 

290 

35 

34 

300 

32 

31 

GAS 

310 

28 

27. 

5 

POINT. 

320 

20 

19. 

5 

EmUBKS. 

330 

13 

13 

Residu 

e  in  tank 

340 

10 

10 

4  oz.- 

acid. 

350 

7 

7 

40  - 


OPERATION  TEST  ITO.    H. 

Vfater  34   Gals,      Soda  16  Llos.      Acid   7  Llss. 
Solution  Temperii.ture  70  degs.    Paiir. 


Time 

Pressure 

Far. Drops 

Stream 

S_ec. 

Obs. 

True 

Ft. 

Sampl es 

10 

45 

44 

20 

68 

68 

75 

All  aJkaline 

30 

82 

82 

getting 

40 

91 

90 

g&s 

weaker 

50 

98 

97 

toward 

60 

104 

103 

70 

the  end 

70 

of  test. 

80 

109 

108.5 

70 

90 

105 

104 

100 

99 

98 

70 

110 

94 

93 

120 

87 

86 

67 

150 

84 

82.5 

140 

77 

76 

65 

150 

75 

74 

160 

70 

69 

63 

170 

67 

66 

180 

65 

64 

62 

190 

61 

61.5 

200 

58 

58.5 

60 

210 

57 

57,5 

220 

55 

55.5 

60 

250 

54 

55 

240 

52 

51.5 

58 

250 

48 

47.5 

260 

37 

36 

GAS 

270 

31 

31 

PODTT 

280 

20 

19,5 

290 

15 

15 

E-RlTiTARKS.- 

300 

11 

11 

Residue  in  tank.- 

310 

9 

9 

4  oz. 

-acid. 

320 

7 

7 

330 

6 

6 
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OPERATION  TEST  NO.  12. 

Water  34  Gals.   Soda  16  Lbs.   Acid  7  LTds. 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Far.  Drops 

Stream 

S_ec. 

Ots. 

True 

It. 

Sejnples 

10 

125 

124.5 

20 

133 

133 

75 

Samples 

30 

136 

136 

all  alk- 

40 

131 

131 

70 

aline, 

50 

125 

124.5 

getting 

60 

112 

111.5 

68 

stronger 

70 

103 

102 

toward 

80 

97 

96 

67 

end  of 

90 

88 

87 

test. 

100 

83 

82 

65 

110 

78 

77 

ISO 

74.5 

73.5 

63 

130 

71 

70 

140 

68 

67 

60 

150 

64 

63 

160 

60 

60.5 

58 

170 

57 

57.5 

180 

55 

55.5 

57 

190 

53 

53 

200 

52 

52 

55 

210 

50 

49.5 

2^0 

49. 5 

49 

55 

230 

47 

46 

240 

GAS 

250 

42 

41 

POINT 

260 

32 

31.5 

270 

23 

22.5 

RELIARKS. 

280 

17 

17- 

Residue  in  tank 

290 

13 

13 

3^  oz. 

-  8,cid, 

300 

10 

10 

310 

8 

8 

320 

7 

7 

330 

7 

7 
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OPERA.TIOrr  TEST  KO.  13. 

Water  34  Gals.   Soda  14  Ll)S.   Acid  7  Lts. 
Solution  Temperature  40  degs.  Pahr, 


Tirae 

Pressure    Par, 

,  Drops 

Stream 

Sec. 

Obs. 

True 

Ft. 

Samples. 

10 

32 

31.5 

20 

43 

42 

73 

Samples 

30 

53 

53 

alkaline 

40 

62 

63 

70 

getting 

50 

69 

68 

weaicer 

60 

72.5 

71.5 

70 

tov/ard 

70 

7P'.5 

V].5 

end  of 

80 

72 

71 

70 

test  , 

90 

71 

70 

till  last 

100 

69.5 

68.5 

68 

two  were 

110 

67.5 

66.5 

found  to 

120 

65 

64 

63 

te  neutral 

130 

62 

62 

140 

59 

60 

62 

150 

57 

58 

160 

55 

55.5 

60 

170 

54 

54.5 

180 

53 

53 

58 

190 

52 

52 

200 

50 

49.2 

57 

210 

49 

48.5 

220 

47.5 

47 

55 

230 

47 

46.5 

240 

45 

44 

53 

250 

44 

43 

260 

42 

41 

53 

270 

41 

40 

(  Data  continued  on  next  page. 
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DATA  -  TEST  KO.  13.  -  CONTIMJED. 


Time 

Pressure 

Far 

.  Dro-Ds 

Stream 

S_ec. 

Obs. 

True 

Ft. 

Samples. 

280 

40 

39 

50 

290 

38 

37 

Last 

?00 

36 

35 

50 

tVfO 

310 

34 

53 

neutral 

320 

32 

31. 

5 

GAS 

r- 

330 

26 

25. 

5 

POINT 

340 

18 

18 

350 

13 

13 

360 

10 

10 

370 

8 

8 

580 

7 

7 

REMARKS. 
Residue  in  tank.-  3^  oz.  -  acid. 
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OPERATION  TEST  NO.  14. 

Water  34  Gals.   Soda  14  Vdb,      Acid  7  LTds. 
Solution  Temperature  70  degs.  Fahr, 

Time 
Sec, 

10 

20 

50 

40 

50 
60 

70 

80 

90 
100 
110 
120 
130 
140 
150 
160 
17Q 
180 
190 
200 
210 
220 
250 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
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Pressure 

Far.    Dropi 

3        Stream 

lbs. 

True 

11* 

Sam-pl  es . 

44 

43 

54 

54.5 

72 

alkaline 

72 

71 

85 

84 

70 

II 

93 

9G-..5 

(gas) 

96 

95     , 

72 

II 

96 

95 

97 

96 

72 

N 

94.5 

93 

91 

90 

70 

n 

87.5 

86.5 

84 

83 

68 

n 

80 

80 

79 

79 

67 

n 

77 

77 

74.5 

74 

65 

If 

70.5 

70 

69 

68 

63 

n 

66 

65 

63 

63 

60 

n 

60 

60.5 

58 

58.5 

58 

n 

55.5 

56 

54.5 

55 

58 

neutral 

53 

52.5 

47 

46 

35 

35 

REEIAEICS . 

30.5 

30 

Residue   in   tank. 

20 

19.5 

4   OS. 

-   acid. 

13 

13 

10 

10 

Good 

streani  all 

8 

8 

thru 

test. 

7 

7 

OPERATION  TEST  l^TO.   15. 

Water  34  Gals.   Soda  14  LTds.   Acid  7  LIds. 
Solutior.  Temperature  90  degs,  Fehx. 

Time      Pressure    Far,  Drops   Stream 
Sec.     Obs,   True      Ft.       Sampl es 


10 

51,5 

51 

20 

75 

74 

75 

All  samples 

30 

87 

86 

in  this 

40 

100 

99 

75 

test  were 

50 

107.5 

106. 

5 

alkaline. 

60 

112 

111. 

5 

Gas 

70 

113 

112 

80 

114.5 

113. 

5 

70 

90 

113 

112 

100 

108 

107 

70 

110 

100.5 

100 

120 

95.5 

94 

67 

130 

90 

89 

140 

86 

85 

65 

150 

80.5 

80. 

5 

160 

77 

76 

63 

170 

75 

74 

180 

71.5 

71 

60 

190 

69 

68 

200 

65 

64 

60 

210 

63 

62 

220 

59.5 

60. 

.5 

58 

230 

57 

58 

240 

50 

49, 

5 

GAS 

250 

37.5 

38 

POINT 

260 

30 

29, 

5 

B-RMARKS. 

270 

22 

21, 

5 

Residue  in  tank.- 

280 

15 

15 

4  OS. 

Strong,  acid 

290 

10 

10 

300 

7 

7 

Good 

stream  except 

310 

7 

7 

at  60 

sec. 
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OPERATION  TEST  NO.  16. 

Water  54  Gals.   Soda  20  Lbs.   Acid  6  Llos. 
Solution  Temperature  40  degs.  Eahr. 


Time 

Pressure 

Par.  Drops 

Stream 

S_ec, 

Ots. 

True 

Pt. 

Samples 

10 

34 

34 

20 

54 

54.5 

75 

All  sam- 

30 

77 

76 

ples  in 

40 

86 

85 

76 

this  test 

50 

95 

93.5 

were 

60 

89 

88 

65 

alkaline. 

70 

83 

82 

(gas) 

80 

77 

76 

70 

90 

71 

70 

100 

65 

64 

68 

110 

60 

61 

120 

56 

56.5 

65 

130 

54 

54.5 

140 

52.5 

53 

63 

150 

50 

49.5 

160 

50 

49.5 

60 

170 

48 

47 

180 

47 

46 

55 

190 

45 

44 

200 

44.5 

43.5 

55 

210 

43 

42 

220 

41 

40 

53 

230 

40 

39 

240 

39 

38 

52 

250 

37 

37 

{  Data  continued  on  next  page.  ) 
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DATA  -  TEST  NO.  16.-  CONTINUED. 


Time 

Pressure 

Par.  Drops 

Stream 

S^c, 

Obs. 

True 

Zi. 

Samples 

260 

35 

35 

50 

270 

35 

35 

280 

34.5 

34.5 

50 

290 

33 

33 

300 

32 

31.5 

50 

310 

28 

27.5 

320 

21 

20.5 

GAS 

330 

15 

15 

POINT 

340 

10 

10 

•350 

9 

9 

360 

7 

7 

370 

7 

7 

REiIARKS . 
Residue  in   tank.-      3^  oz.    strongly  acid. 


-    50  - 


OPERATION  TEST  I'O.  17. 

Water  54  Gals,   Soda  20  Lbs.   Acid  6  Lbs, 
Solution  Temperature  70  degs.  Fahr. 


Time 

Pressure 

Far,  Drops 

Stream 

S_ec. 

Obs. 

True 

Ft. 

Samples 

10 

47 

45 

20 

70 

69 

75 

All  sam- 

30 

75 

73 

ples  in 

40 

87 

85 

75 

this  test 

50 

95 

93 

alkaline 

60 

100 

98 

76 

and  of 

70 

100 

98 

moderate 

80 

98 

96 

76 

intensity 

90 

96 

94 

100 

93 

91 

75 

no 

88 

86 

120 

82 

81 

73 

130 

79 

78 

140 

76 

74 

72 

150 

72 

70 

160 

69 

67 

67 

170 

65 

63 

180 

60 

60 

64 

190 

58 

58 

200 

56 

56 

64 

210 

54 

54 

220 

54 

54 

64 

230 

50 

49 

240 

41 

39 

GAS 

250 

32 

3L 

POINT 

260 

23 

21.5 

270 

15 

15 

RmiAEKS. 

280 

12 

12 

Residu 

e  intank.- 

290 

8 

8 

35-  oz. 

-  acid. 

300 

7 

7 

310 

7 

7 
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OPERATION  TEST  NO,  18. 

Water  34  Gals.   Soda  20  Lbs.   Acid  6  Lbs. 
Solution  Temperature  90  degs.  Palir. 


Time 

Pressure 

Far.  Drop 

8   Stream 

Sec. 

Obs, 

True 

Ft. 

Samples 

10 

77 

75 

20 
30 

40 

107 

128 
134 

105.5 
126.5 
133.5 

78 
75 

All  sam- 
pies  found 
to  be 
strongly 
alkaline. 

50 
60 
70 

137 
135 
129 

136.5 
134.5 
128.5 

72 

80 

115 

113 

68 

90 

102 

100.5 

100 

97 

95.5 

65 

110 

90 

88 

120 

85 

83 

60 

130 

84 

82 

140 

76 

74 

60 

150 

73 

70.5 

160 

70 

67.5 

60 

170 

66.5 

63.5 

180 

63 

60.5 

60 

190 

59 

59 

200 

57 

57 

58 

210 

53 

52 

220 

40 

38 

GAS 

230 

32 

30.5 

POINT 

240 

23 

21.5 

250 

15 

15 

REAMRKS 

260 

11 

11 

270 

8 

8 

Resi 

due  in  tank 

280 

7 

7 

4  oz. 

Strongly 

290 

6 

6 

acid. 
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OPERATION  TEST  HO.  19. 

Water  34  Gals,  Soda  20  LIds.   Acid  5  Lbs, 
Solution  Temperature  40  degs.  FaJir. 

Time  Pressure    Far,  Drops   Streaxa 

Sec.  Obs,  True      Ft,       Sampl es 

10  30  28, 5 

20  43  41      78     All  sam- 

30  57  56  pies  in 

40  65  63      78     this  test 

50  72  70  moderately 

6Q  67  65      75     alkaline. 

70  62  62 

80  56  56      70 

90  53  53 

100  51  50      67 

110  49  48 

120  46  44      63 

130  '44,5  43 

140  42  40      60 

150  41  39 

160  40  38      55 

170  38  37 

180  37  35,5    52 

190  36  35.5 

200  33  31.5    51 

210  32  30.5 

220  32  30.5    50 

230  32  30.5 

240  32  30.5    49 

250  32  30.5 


Data  continued  on  next  page. 
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DATA  -TEST  I'O.    19-    CONTIinjED. 


Time 

Pressure 

Par.  Drops 

Stream 

S_ec. 

Obs. 

True 

Pt. 

Samples 

260 

31.5 

30 

48 

270 

30 

28.5 

280 

30 

28.5 

45 

299 

28 

26,5 

300 

26.5 

25 

45 

310 

25.5 

23 

320 

25 

23 

45 

330 

25 

23 

340 

23.5 

22 

GAS 

350 

20 

18.5 

POIITT 

360 

13 

13 

370 

10 

10 

380 

7 

7 

390 

6 

6 

REIIAEKS. 
Residue  in  tank.-  4-g-  oz.    -Acid. 
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OPERATION  TEST  KO.  20. 

Water  34  Gals,   Soda  20  Lbs.   Acid  5  Lbs. 
Solution  Temperature  70  degs.  Eahr, 


Time 

Pressure 

Far.  Drops 

Stream 

S^c, 

Obs. 

True 

Ft. 

Samples 

10 
20 
30 
40 
50 
60 
70 

47 

67 

75. 

83 

90 

97 

98. 

5 
5 

45 
65 
73. 

81. 
88 
95 
98. 

5 

5 

5 

76 
75 

78 

All  samples 

alkaline, 

getting 

weaker 

toward 

end  of  test 

80 

88 

86 

76 

90 

82 

80. 

5 

100 

78 

76 

76 

110 

73 

71 

120 

67 

65 

73 

130 

62 

61 

140 

58 

58 

68 

150 

55 

55 

160 

53 

52 

63 

170 

52 

51 

180 

50 

49 

60 

190 

48 

47 

200 

47 

45 

58 

210 

45 

43 

220 

43. 

5 

41. 

5 

58 

230 

42 

40 

240 

40. 

5 

38 

57 

250 

39. 

5 

37. 

5 

260 

33 

31 

GAS 

270 

25 

23. 

5 

POINT 

280 

16 

16 

290 

12 

12 

REMARKS. 

300 

10 

10 

Residue 

in  tank. 

310 

7 

7 

3i  oz. 

-Acid. 

320 

7 

7 
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OPERATIOH  TEST  KO.  21. 

Water  34  Gals.   Soda  20  Lbs.   Acid  5  Llos. 
Solution  Temperature.  90  degs.  Eahr. 


Time 

Pressure 

Par.  Drops 

1   Stream 

S_ec. 

Obs. 

True 

Ft. 

Samples 

10 

53 

53 

20 

76 

75 

63 

All  sma- 

30 

98 

97 

ples 

40 

105 

104 

65 

strongly 

50 

111 

110 

alkaline 

60 

113 

112 

70 

and  of 

70 

110 

109 

uniform 

80 

102. 

5 

101. 

5 

70 

intensity 

90 

94. 

5 

93. 

5 

(gas) 

100 

50 

110 

80 

80 

120 

75 

74 

60 

150 

70 

ffi 

140 

67 

66 

50 

150 

63 

62 

160 

60 

60. 

5 

45 

170 

58 

58. 

5 

180 

55 

55. 

5 

45 

190 

54. 

5 

55 

200 

53 

53 

40 

210 

51. 

5 

51 

220 

50 

49. 

5 

40 

230 

48 

47. 

5 

240 

46 

45. 

5 

40 

250 

37 

36. 

5 

GAS 

260 

28 

27. 

5 

POIITT 

270 

18 

17. 

5 

280 

14 

14 

REMARKS. 

290 

10 

10 

Residue  in  tank 

300 

8 

8 

3  oz. 

slightly 

310 

7 

7 

acid. 

320 

7 

7 

Good  stream. 

330 

7 

7 
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OPERATION  TEST  ITO.  22. 

Water  37  Gals.   Sod^  16  Lbs.   Acid  7  Lbs. 
Solution  Temperature  40  degs.  Pahr. 


Time 

Pressure 

Far.    Drops 

Stream 

S_ec. 

Obs. 

True 

Zl« 

Sampl es 

10 

25 

24 

20 

40 

38.5 

65 

Acid 

30 

50 

49 

40 

60 

60.5 

65 

It 

50 

72 

70.5 

60 

75 

74 

60 

H 

70 

76 

75 

80 

73.5 

72 

60 

alkaline 

90 

69.5 

68 

100 

64 

64 

60 

H 

110 

58 

58 

120 

54.5 

54 

55 

str,    alk 

130 

52.5 

53 

140 

50 

49 

55 

II        II 

150 

49 

48 

160 

47 

47 

55 

•1        II 

170 

46 

44.5 

180 

45 

43.5 

55 

alkaline 

190 

43 

41.5 

200 

43 

41.5 

55 

II 

210 

42 

40.5 

Remaining 

220 

40 

39.5 

50 

samples 

230 

39 

37.5 

alkaline. 

240 

38 

36.5 

50 

250 

37 

36 

Data  continued  on  next  page. 
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DATA  -    TEST  ITO.    22-    COITTIITOED. 


Time 

PresHure 

Far.  Pro 

Sec. 

Ots. 

True 

Ft. 

260 

35.5 

35. 

5 

45 

270 

35 

34 

280 

34 

33 

45 

290 

32.5 

31 

300 

32 

31 

45 

310 

32 

31 

320 

32 

31 

40 

330 

31 

29. 

5 

340 

31 

29. 

5 

40 

350 

31 

29. 

5 

360 

30 

28. 

5 

40 

370 

28 

27 

S80 

28 

27 

40 

390 

27 

26 

400 

26 

25 

GAS 

410 

23 

22 

POIITT 

420 

18 

17 

430 

12 

12 

440 

9 

9 

450 

7 

7 

460 

6 

6 

Stream 
Samples, 


KETiAKKS. 
Residue  in  tank   ,-     4-|-  oz.    -acid. 
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OPERATION  TEST  NO.  2S. 

Water  37  Gals.   Soda  16  Lts.   Acid  7  Lbs. 
Solution  Temperature  70  degs.  Pahr, 


Time 

Pressure 

Far,  Props   Stream 

S^c. 

Obs. 

True 

Ft. 

Sampl es 

10 

55 

55 

20 

75 

73 

60 

Str.  alk. 

30 

88 

86 

40 

100 

98 

60 

fi     II 

50 

107 

105 

60 

108 

106 

gas 

Str.  acid 

70 

107 

105 

80 

104.5 

103.5 

60 

Str.  alk. 

90 

100 

98 

100 

94.5 

92.5 

55 

II     11 

110 

88 

86 

120 

82 

80 

55 

Remaining 

130 

77 

75 

samples 

140 

73 

71 

50 

str,  alk. 

150 

70 

68 

160 

66 

64 

50 

170 

63 

62 

180 

60 

60 

50 

190 

57 

57 

200 

55 

55 

45 

210 

54 

54 

220 

53 

52 

40 

230 

51.5 

50 

240 

50 

48.5 

40 

250 

48 

46 

260 

46 

44 

40 

270. 

45 

43 

280 

43 

41 

40 

290 

39 

37 

300 

32 

30 

GAS 

310 

22 

21.5 

POINT 

320 

14 

14 

330 
340 
350 
360 

13 
8 
7 
6 

13 
8 

7 
6 

Residu 
4  oz. 

Poor 

REEIARKS. 
e  in  tank. 
-  acid. 
Stream. 
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OPERATION  TEST  ITO.  24. 

Water  37  Gals.   Soda  16  Lbs.   Acid  7  LTds. 
Solution  Temperature.  90  degs.  Fahr. 


Time 

Pressure 

Par.  Drop 

s   Stream 

Sec. 

Obs. 

True 

Pt. 

Sajnpl  es 

10 

56 

56.5 

All  sam- 

20 

85 

84 

50 

ples  in 

30 

98 

97 

this  test 

40 

102 

101 

60 

were  foujnd 

50 

107 

106 

to  be 

60 

110 

109 

45 

alkaline. 

70 

110 

109 

gas 

80 

109 

108 

60 

90 

105 

104 

100 

100 

99 

55 

110 

93 

92 

120 

87.5 

86.5 

55 

130 

82 

81.5 

140 

77 

76 

55 

150 

74 

73 

160 

70 

69 

55 

170 

67 

66.5 

180 

64 

63.5 

55 

190 

60 

60.5 

200 

57.5 

58 

55 

210 

55.5 

56 

220 

54 

54.5 

55 

230 

53 

53.5 

240 

51.5 

52 

50 

250 

50 

49.5 

260 

48 

47 

50 

270 

46.5 

45 

280 

42.5 

41.5 

GAS 

290 

34 

33.5 

POINT 

300 

26 

25.5 

310 

16.5 

16.5 

REMARKS. 

320 

12 

12 

Residue  in  tank 

330 

9 

9 

3g-  oz.  strongly- 

340 

7 

7 

acid 

• 

350 

6 

6 

good 

Hot  very 
stream. 
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OPERATION  TEST  HO.  25. 

Water  37  Gals.   Soda  14  Lbs.   Acid  7  Lbs. 
Solution  temperature  40  degs.  Fahr. 


Time 

Pressure 

Far.  Drops 

Stream 

S^c. 

Obs. 

True 

Ft. 

Samples 

10 

28 

27 

20 

46 

44.5 

45 

alkaline 

30 

55 

55.5 

40 

65 

64 

50 

It 

50 

68 

66.5 

60 

72 

70 

55 

str.acid 

70 

74 

72 

80 

70 

68 

55 

sli.  alk. 

90 

66 

63.5 

100 

61. 

5 

61 

55 

It    11 

110 

57. 

5 

58 

120 

54 

54.5 

53 

Remaining 

130 

52. 

5 

52 

samples 

140 

51 

50 

52 

alkaline. 

150 

49. 

5 

49 

160 

48 

47 

50 

170 

47 

46 

180 

45. 

5 

44 

50 

190 

44. 

5 

43 

200 

43 

41.5 

50 

210 

42 

40.5 

220  , 

41 

39.5 

40 

230 

40 

38 

240 

38 

37.5 

4-0 

250 

37 

35.5 

Data  continued  on  next  page. 
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DATA   -    TEST  NO.    25-      COlTTimTED. 


Time 

Pressure 

Par,  Drops  Stream 

SjBC. 

Obs. 

True 

Pt.      Samples 

260 

36 

35 

35 

270 

35 

34 

280 

34 

33 

38 

290 

33 

32 

300 

33 

32 

38 

310 

33 

32 

320 

32.5 

31 

35 

330 

32 

31.5 

340 

31 

30 

35 

350 

30 

29 

360 

30 

29 

35 

370 

28 

27 

380 

28 

27 

35 

390 

26 

25 

400 

22 

21 

GAS 

410 

15 

15 

POINT 

420 

10 

10 

430 

8 

8 

446 

7 

7 

450 

6 

6 

RELIAKKS . 
Residue  in   tank.-     4-|-  oz,    -   acid. 
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OPERATION  TEST  NO.  26. 

Water  37   Gals,      Soda  14  Lbs.      Acid  7   LTds. 
Solution  Temperature  70   degs.    Eahr. 

Time      Pressure    Far,  Drops   Stream 
Sec.     Obs.   True      Ft.       Samples 


10 

37 

36 

20 

50 

49.5 

50 

alk. 

30 

58 

58 

40 

69 

67 

55 

alk. 

50 

75 

70;5 

(gas) 

60 

75 

73.5 

45 

str.  acid 

70 

77 

75.5 

(gas) 

80 

78 

77 

45 

sli,  alk. 

90 

76.5 

75 

100 

75.5 

74 

50 

alk. 

110 

74 

72 

120 

72 

70 

50 

Remaining 

130 

70 

68 

samples  in 

140 

67 

65 

55 

this  test 

150 

65 

63 

alkaline. 

160 

63 

61 

52 

170 

60 

60 

180 

57 

57 

45 

190 

56 

56 

200 

55 

55 

45 

• 

210 

53.5 

52 

220 

52.5 

51 

45 

230 

51 

49.5 

240 

50 

48.5 

45 

250 

48 

46 

260 

47 

45 

'45 

270 

45 

43 

280 

44 

42 

40 

290 

43 

41 

300 

42 

40 

40 

310 

40 

38 

GAS 

320 

33 

31 

POINT 

330 

25 

23.5 

REMARKS. 

340 

19 

18.5 

Rers 

idue  in  tank 

350 

13 

13 

4  oz.-  acid. 

360 

9 

9 

Stream  not 

370 

7 

7 

very  good. 
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OPERATION  TKST  ITO.  27. 

Water  37  Gals.   Soda  14  Lbs.   Acid  7  Lbs. 
Solution  Temperature  90  degs.  Pahr. 


Time 

Pressure 

Par,  Drops 

Stream 

S^c. 

Obs. 

True 

Pt. 

Samples 

10 

37 

36.5 

20 

70 

69 

62 

alk. 

30 

82 

81 

40 

95 

93 

60 

H 

50 

104 

103 

(gas) 

60 

105 

104 

40 

acid 

70 

111.5 

110.5 

80 

115 

113 

65 

alk. 

90 

115 

113 

100 

110 

109 

50 

Remaining 

110 

105 

104 

samples 

120 

100 

99 

55 

alkaline. 

130 

93 

92 

140 

88 

87 

60 

150 

83 

82 

160 

79 

78.5 

55 

170 

76 

75 

180 

73 

72 

50 

190 

70 

69 

200 

66 

65.5 

50 

210 

64 

64 

220 

60 

60.5 

50 

230 

58 

58.5 

240 

55.5 

56 

45 

250 

55 

55.5 

260 

53.5 

53.5 

48 

270 

45.5 

44 

GAS 

280 

35 

34.5 

POINT 

290 

31 

30.5 

300 

20 

19.5 

I^KMARKS. 

310 

14 

14 

Residue  in  tank. 

320 

$ 

9 

3  oz. 

-  acid. 

330 

7 

7 

Poor  stream. 

340 

6 

6 

Pulsat 

ing. 
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OPERATION  TEST  NO.  28. 

Water  37  Gals.   Soda  20  Lbs.   Acid  6  Lbs. 
Solution  Temperature  40  degs.  Fahr. 


Time 

Pressure 

Far.  Drops   Stream 

S^c. 

Obs. 

True 

Ft. 

Sampl es 

10 

27 

26 

20 

33 

31.5 

65 

,30 

43 

41.5 

All  sam- 

'40 

48 

47 

65 

ples  in 

50 

52.5 

51.5 

this  test 

60 

57 

57.5 

65 

tmif  oiTnly 

70 

63 

63 

and  moder- 

80 

74 

73 

67 

ately 

90 

77 

76 

alkaline. 

100 

78.5 

77.5 

65 

110 

75 

74 

120 

72 

11 

65 

130 

65 

64 

140 

60 

60.5 

63 

150 

55 

55.5 

160 

53 

53 

60 

170 

52 

52 

180 

50 

49 

55 

190 

48 

47 

200 

47 

46 

55 

210 

45 

43.5 

220 

43 

41.5 

52 

230 

42 

40.5 

240 

41.5 

40 

50 

250 

40 

38.5 

260 

38.5 

37 

50 

270 

37 

36 

280 

36.5 

35.5 

48 

290 

35 

34 

300 

33 

32 

47 

310 

32.5 

31 

320 

32 

30.5 

GAS 

330 

26 

25 

POINT 

340 

18 

17 

350 

12.5 

12.5 

EMTARKS. 

360 

10 

10 

Resi> 

due  in  tank. 

370 

n. 

7 

5  oz. 
alkal 

-  slightly 
ine. 
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OPERATION  TEST  NO.  29. 

Water  37  Gals.   Soda  20  Lts.  Acid  6  Lhe. 
Solution  Temperature  70  degs,  Pahr, 


Time 

Pressure 

Far.  Drop 

B   Stream 

S^c. 

Ots. 

True 

111' 

Sampl  es 

10 

42 

40 

20 

75 

72 

75 

30 

85 

83 

All  sam- 

40 

91 

89 

77 

ples  in 

50 

100 

98 

this  test 

60 

101 

99 

gas 

strongly 

70 

103 

101 

alkaline. 

80 

102 

100 

75 

90 

99 

97 

100 

95 

93 

75 

110 

89 

87 

120 

84 

82 

72 

130 

79 

78 

140 

74 

72 

68 

150 

70 

68 

160 

65 

63 

67 

170 

62 

62 

180 

58 

3B 

63 

190 

55 

55 

200 

54 

'54 

58 

210 

53 

52.5 

220 

51 

50 

55 

230 

50 

49 

240 

48 

46 

55 

250 

47 

45 

260 

45 

43 

55 

270 

42 

40 

280 

32 

30.5 

GAS 

290 

28 

26.5 

POINT 

300 

20 

18.5 

310 

12 

12 

REMARKS. 

320 
330 

10 
8 

10 

8 

Residu 
Zf   oz. 

e  in  tank.- 
-  acid,  "but 

340 
350 

7 
6 

7 
6 

not  st 

rongly. 

-  70  - 


OPERATION  TEST  NO.  30. 

Water  37  Gals.   Soda  20  L"bs.   Acid  6  Lbs. 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Far.  Drops 

Stream 

Sec. 

Obs. 

True 

11' 

Sampl  es 

10 

70 

69 

20 

102 

101 

60 

30 

115 

113 

All  sam- 

40 

123 

121 

70 

ples  in 

50 

130 

130 

(gas) 

this  test 

60 

132 

132 

40 

o^uite 

70 

130 

130 

strongly 

80 

125 

124 

60 

alkaline. 

90 

116 

114 

Unif onn 

100 

105 

104 

50 

intensity 

110 

98 

97 

120 

91 

90 

53 

130 

85 

84 

140 

80 

80 

52 

150 

76.5 

75. 

5 

160 

74 

73 

45 

170 

71 

70 

180 

67 

68 

40 

190 

65 

64 

200 

60 

60. 

5 

40 

210 

59 

99. 

5 

220 

56 

56. 

5 

43 

230 

55 

55. 

5 

240 

53.5 

53. 

5 

45 

250 

48 

47. 

5 

260 

34.5 

34 

GAS 

270 

25.5 

25 

POINT 

280 

20 

19. 

5 

290 

13 

13 

300 

10 

10 

REMARKS. 

310 

7 

7 

Residue  in  tank 

320 

7 

7 

3i.oz 
acia. 
Stream 

.  strongly 
only  fair. 
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OPERATION  TEST  HO.  31. 

Water  37  Gals.   Soda  20  Lbs.   Acid  5  Lbs. 
Solution  Temperature  40  degs.  ii'ahr. 


Time 

Pressure 

Far.  Drop 

s   Stream 

S_ec. 

Obs. 

True 

i!i 

Sampl  es 

10 

33 

31.5 

20 

45.5 

44 

55 

/JLl  sam- 

30 

54.5 

55 

ples  in 

40 

60 

60.5 

57 

this  test 

50 

70 

68 

alkaline, 

60 

75.5 

74.5 

60 

moderately, 

70 

75 

74 

uniformly. 

80 

70 

68 

55 

90 

64.5 

63.5 

100 

58 

57 

50 

110 

55 

55.2 

120 

52.5 

52,5 

50 

130 

50.5 

50 

140 

48 

47 

50 

150 

47 

46 

160 

45 

44 

45 

170 

44.5 

43 

180 

42.5 

41.5 

45 

190 

42 

41 

20.0 

40 

38.5 

40 

210 

39 

38 

220 

38 

37 

40 

230 

37 

36 

240 

35 

34 

40 

250 

34.5 

33.5 

Data  continued  on  next  page. 
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TATA  -  TEST 

'  31  - 

COITTIITUED 

Time 

Pressure 

Far.  Drops 

Stream 

S_ec. 

Obs. 

True 

11' 

Sampl  es 

260 

33 

32 

40 

270 

32.5 

31.5 

280 

32 

31 

40 

290 

32 

31 

300 

32 

31 

40 

310 

32 

31 

320 

31 

29.5 

40 

330 

30.5 

29 

340 

28 

27 

35 

350 

28 

27 

360 

27 

26 

35 

370 

25.55 

25.5 

380 

19.5 

18.5 

GAS 

390 

13 

13 

POINT 

400 

10.5 

10.5 

410 

8 

8 

420 

7 

7 

430 

6 

6 

REIiIAKKS . 
Residue   in   tank.-      4    oz.    -   slightly  acid. 


74 


OPERATION  TEST  FO.  32. 

Water  37  Gals,   Sod?.  20  Lbs.   Acid  5  Lbs. 
Solution  Temperature  70  degs.  ?ahr. 


Time 

Pressure 

Par.  Drops 

Stream 

S^c. 

Obs. 

True 

Pt. 

Samples 

10 

58 

57 

20 
30 

86 

97 

84 

95 

60 

All  sam- 

40 

105 

,103. 

5 

62 

ples  in 

50 

102 

100 

this  test 

60 

97 

95 

63 

alkaline, 

70 

90 

88 

raoderately 

80 

80 

79 

50 

strong. 

90 

75 

73. 

5 

100 

70 

68 

50 

110 

65.5 

63. 

5 

120 

60 

60 

50 

130 

57 

57 

140 

55 

55 

52 

150 

53 

52. 

5 

160 

52 

50. 

5 

50 

170 

50 

48. 

5 

180 

49 

47. 

5 

46 

190 

47 

45 

200 

45 

43 

46 

210 

44 

42 

220 

38 

36 

45 

230 

41 

39 

240 

40 

38 

48 

250 

39 

37 

260 

37 

35. 

5 

47 

270 

36 

35 

280 

36 

35 

43 

290 

35 

34 

300 

33 

31 

40 

310 

32 

30 

320 

23 

21. 

5 

GAS 

330 

15 

14. 

5 

POINT 

340 

10 

ID 

RE!.IARKS . 

350 

7 

7 

Residue  intank.- 

4§-  oz. 

Strongly 

acid. 
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OPERATION  TEST  ITO.  33. 

Water  37  Gals.   Soda  20  Lbs.   Acid  5  Lbs. 
Solution  Temperature  90  degs.  Eahr. 


Time 

Pressure 

Ear.  Drops 

Stream 

S^c. 

Obs. 

True 

Ft, 

Samples 

10 

57 

57.5 

20 

86 

85 

55 

All  sam- 

30 

95.5 

93.5 

ples  in 

40 

101 

100 

55 

this  test 

50 

102.5 

101.5 

alkaline. 

60 

102.5 

101.5 

67 

moderate 

70 

102 

101 

intensity 

80 

98 

97 

58 

90 

95 

94 

(gas) 

100 

90 

89 

45 

110 

84 

83 

120 

77 

76 

52 

130 

72.5 

71.5 

140 

68 

67 

53 

150 

53.5 

62.5 

160 

60 

60.5 

58 

170 

57.5 

58 

180 

55 

55.5 

55 

190 

54.5 

54.5 

200 

53 

53 

50 

210 

51 

50.5 

220 

49.5 

49 

50 

230 

49 

48.5 

240 

47 

46 

54 

250 

45.5 

44 

260 

43 

42 

GAS 

270 

39 

38 

poniT 

28d 
290 

32 
30.5 

31.5 
30 

REMARKS. 
Residue  in  tank.- 

300 

17 

17 

3  oz.  s 

trongly 

310 
320 

12 
9 

12 
9 

acid. 

330 

7 

7 

■n>«  -i 

. 

-  76  - 


-L_!£3 =Ji- 


tA      x>      '  - 


tl)  r    = 
TO  -P   •« 

-.Q-d. ■ I 

i-:i  U  GOO 
<i>  "*  c-  o» 

O   P)! 

N  a;  I  •  I, 

CQ.  !a  .:«  -       ■ 


4*    *^«    S 

-.::s4n  .    - 


:b:..:.     : 


OPERATION  TEST  !T0.  34. 

Water  38  Gals.   Soda  16  Lbs.   Acid  7  Lbs. 
Solution  Temperature  41  degs.  Pahr, 


Time 

Pressure 

Par.  Drops 

Stream 

Sec. 

Obs. 

True 

Pt. 

Samples 

10 

32 

31 

20 

45 

43. 

5 

53 

Str.  Alk. 

30 

52 

51. 

5 

40 

57 

57 

57 

Str.  acid 

60 

59 

59 

60 

63 

62. 

5 

60 

It    » 

70 

65 

64 

(gas) 

80 

67.5 

66. 

5 

50 

alkaline 

90 

66 

65 

100 

68 

67 

53 

All  sam- 

110 

67 

66 

ples  after 

120 

65 

64 

50 

this 

130 

61.5 

61. 

5 

alkaline. 

140 

60 

60 

47 

150 

58 

58 

160 

56 

56 

45 

170 

55 

55 

180 

54 

54 

45 

190 

52 

51 

200 

52 

51 

48 

210 

50 

49 

220 

49 

48 

45 

230 

48 

47 

240 

47 

46 

42 

250 

45 

43, 

,5 

Data  continued  on  next  page. 
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DATA  -  TEST  ITO.  34. -COITTINUSD. 


Time 

Pressure 

Par.  Dro-DS 

Stream 

Sec. 

Obs. 

True 

Ft. 

Samples 

260 

44.5 

43 

40 

270 

42.5 

41.5 

280 

42 

41 

42 

290 

40.5 

39.5 

300 

39 

38 

42 

310 

38 

37 

320 

36 

35 

40 

330 

35.5 

35.5 

340 

35 

34 

40 

350 

34 

33 

360 

33.5 

31.5 

40 

370 

32 

31 

GAS 

380 

24 

23 

POIITT 

390 

16 

16 

400 

11 

11 

410 

10 

10 

420 

8 

8 

430 

6 

6 

RmtAJlKS. 
Residue  in  tank.-  3|-  oz.  strongly  acid. 
Stream  fair. 
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OPERATION  TEST  NO,  35. 

Water  38  Gals.   Soda  16  Lts.   Acid  7  Lbs. 
Solution  Temperature  70  degs.  Fahr, 


Time 

Pressure 

Far.  Dro-os   Stream 

S_ec, 

Obs. 

True 

£!• 

Sampl es 

10 

58 

57 

20 

75 

73.5 

60 

Sli.  alk. 

30 

86 

84 

40 

95 

93 

68 

n             n 

50 

97. 

5 

95.5 

(gas) 

60 

100 

98 

40 

Str.  acid 

70 

102. 

5 

100.5 

80 

102. 

5 

100.5 

58 

"   alk. 

90 

98 

96 

100 

94 

92 

50 

Samples 

110 

87 

85 

from  this 

120 

80 

79 

56 

point  on 

130 

75 

73.5 

alkaline, 

140 

70 

68 

50 

getting 

150 

68 

66 

stronger 

160 

65 

63 

50 

toward 

170 

60 

60 

end. 

180 

58 

58 

52 

190 

55 

55 

200 

54 

53.5 

48 

210 

54 

53.5 

220 

52 

50.5 

48 

230 

50 

48.5 

240 

49. 

5 

48 

45 

250 

47 

45 

260 

45. 

5 

43.5 

45 

270 

45 

43 

280 

43 

41 

42 

290 

42 

40 

300 

40 

38 

42 

310 

35 

34 

GAS 

320 

32 

30 

POIHT 

330 

20 

19 

340 

14 

13.5 

REI^LAEKS. 

350 

11 

11 

Residi 

le   in    tank.- 

360 

8 

8 

4  02. 

strongly  acid. 

370 

7 

7 

Poor  stream  at  60   sec, 
-  80  - 


OPERATION  TEST  NO.  36. 

Water  38  Gals.   Soda  16  Lbs.   Acid  7  Lbs. 
Solxition  Temperature  90  degs.  5'aiir, 

Time      Pressure    Par.  Drops   Stream 
Sec.     Ohs,      True      Pt,       Sam-oles 


10 

83 

82, 

5 

20 

100 

99 

60 

str,  alk. 

30 

110 

109 

40 

115 

113 

65 

str.  acid 

50 

119. 

5 

117. 

5 

60 

117. 

5 

115. 

5 

gas 

II         H 

70 

115. 

5 

113. 

5 

80 

112. 

Ill 

50 

str.  alk. 

90 

105 

104 

100 

98 

97 

50 

All  sam- 

110 

90 

89 

ples  dur- 

120 

83 

82. 

5 

52 

ing  the 

130 

77 

76 

remainder 

140 

74 

73 

53 

of  the 

150 

70 

69 

test 

160 

67. 

5 

66 

53 

strongly 

170 

64. 

5 

64 

alkaline. 

180 

60 

60. 

5 

50 

190 

57. 

5 

58 

200 

55 

55. 

5 

45 

210 

54 

54. 

5 

820 

52. 

5 

52. 

5 

45 

230 

50. 

5 

50 

240 

49. 

5 

49 

46 

250 

48 

47 

260 

46 

45 

50 

270 

45 

44 

280 

43 

42 

50 

290 

40 

39 

300 

32 

31 

GAS 

310 

25 

24. 

5 

POINT 

320 

15 

15 

330 

11 

11 

REIiASKS. 

340 

7 

7 

Resi 

due  in  tank 

350 

6 

6 

4  OS 

.- acid. 
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OPERATION  TEST  NO.    37. 

Water  38   Gals.      Soda  14  LTds.      Acid  7   Llos. 
Solution  Temperature.    43  degs.    Fahr. 


Time 

Pressu 

re 

Par.  Droits 

Stream 

S^c. 

Ots. 

T. 

rue 

Ft. 

Sampl es 

10 

35 

34 

20 

53 

53 

63 

mod,  alk. 

30 

65 

64 

40 

67 

66 

60 

str.acid 

50 

75 

73.5 

(gas) 

60 

75. 

5 

74 

52 

II      n 

70 

80 

79 

80 

77 

75.5 

57 

mod.  alk. 

90 

73 

71.5 

100 

68 

67 

55 

n      II 

110 

60. 

5 

60.5 

120 

59 

59 

55 

remaining 

130 

55 

55 

samples 

140  ■ 

54 

54 

55 

alkaline. 

150 

53 

53 

160 

52 

51.5 

53 

170 

50. 

5 

50 

180 

50 

49.5 

50 

190 

48 

47.5 

200 

47 

45.5 

50 

210 

45 

43.5 

220 

44 

43 

50 

230 

42. 

5 

41.5 

240 

40. 

5 

39.5 

48 

250 

40 

39 

DATA  COrrTIJTUED  ON  NEXT   PAGE. 
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DATA  -  TEST  NO.  37.-  COl^TTINTJED. 


Time 

Pressure 

Far.  Drot)s 

Stream 

S_ec. 

Ots. 

True 

Pt. 

Sampl  es 

260 

39.5 

38.5 

48 

270 

37 

36 

280 

36 

35 

46 

290 

35 

34 

300 

35 

34 

46 

310 

33 

32 

320 

32 

31 

45 

330 

32 

31 

340 

32 

31 

42 

350 

32 

31 

360 

32 

31 

42 

370 

31 

30 

380 

30 

29 

GAS 

390 

S3 

22 

POINT 

400 

16 

15 

410 

12 

12 

420 

11 

11 

430 

9 

9 

440 

7 

7 

RIMARKS. 
Residue  in  tank.-   4.  oz.--  strongly  acid, 
Stream  fairly  good.-  Sputtering  at  50  ses 
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OPERATION  TEST  NO.  38. 

Water  38  Gals.   Soda  14  Lbs.   Acid  7  Lbs. 
Solution  Temperature  70  degs.  Fahr. 


Time 

Pressure 

Par.  DroT)£ 

5    Stream 

Sjec. 

Obs. 

True 

Zi. 

Samples 

10 

51 

50. 

5 

20 

66 

65 

60 

alkaline 

30 

74.5 

73. 

5 

40 

77.5 

76. 

5 

55 

str.  acid 

50 

80 

79 

(  gas) 

60 

83 

82 

42 

sli.  alk. 

70 

89 

87 

80 

87 

85 

60 

Remaining 

90 

86,5 

84. 

5 

sampl es 

100 

85 

83 

55 

slightly 

110 

83 

82 

alkaline 

120 

80 

79 

52 

until 

130 

77 

75. 

5 

second 

140 

75 

73. 

5 

50 

rea.ding 

150 

73 

72 

from  last 

160 

70 

69 

50 

170 

68 

67 

180 

65 

64 

45 

190 

62 

61 

200 

59 

58 

48 

210 

57 

56 

220 

55 

54 

48 

230 

55 

54 

240 

54 

53 

50 

250 

52 

51 

260 

50.5 

50 

47 

270 

50 

49. 

5 

280 

48 

47 

45 

sli.  acid 

290 

47 

46 

300 

45 

43. 

,5 

45 

Acid. 

310 

44 

43 

(strongly) 

320 

35 

34 

GAS 

330 

30 

29 

POINT 

340 

20 

19 

350 

14 

14 

REL'LARKS. 

360 

9 

9 

Residue 

in  tank. 

370 

7 

7 

3^oz. strongly  acid 

380 

6 

6 

-  85  - 


OPERATION  TEST  NO.  38. 

Water  38  Gals.   Soda  14  Lbs,   Acid  7  Lbs. 
Solution  Temperature  70  degs.  Fahr. 


Time 

Pressure 

Far.  DropE 

}    Stream 

S_ec. 

Obs. 

True 

Zi- 

Sampl es 

10 

51 

50. 

5 

20 

66 

65 

60 

allcaline 

30 

74.5 

73. 

5 

40 

77.5 

76. 

5 

55 

str.  acid 

50 

80 

79 

(  gas) 

60 

83 

82 

42 

sli.  alk. 

70 

89 

87 

80 

87 

85 

60 

Remaining 

90 

86.5 

84. 

5 

samples 

100 

85 

83 

55 

slightly 

110 

83 

82 

alkaline 

120 

80 

79 

52 

until 

130 

77 

75. 

5 

second 

140 

75 

73. 

5 

50 

reeding 

150 

73 

72 

from  last 

160 

70 

69 

50 

170 

68 

67 

180 

65 

64 

45 

190 

62 

61 

200 

59 

58 

48 

210 

57 

56 

220 

55 

54 

48 

230 

55 

54 

240 

54 

53 

50 

250 

52 

51 

260 

50.5 

50 

47 

270 

50 

49. 

5 

280 

48 

47 

45 

sli.  acid 

290 

47 

46 

300 

45 

43. 

5 

45 

Acid. 

310 

44 

43 

(strongly) 

320 

35 

34 

GAS 

330 

30 

29 

POINT 

340 

20 

19 

350 

14 

14 

RTO.TARKS. 

360 

9 

9 

Residue 

in  tank. 

370 

7 

7 

3i-02.  strongly  acid 

380 

6 

6 
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OPERATION  TEST  HO.  39. 

Water  38  Gals.   Soda  14  Lbs.   Acid  7  Lbs. 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Par.  Dro-DS 

Stream 

Sec. 

Obs. 

True 

l!i- 

Samples 

10 

68 

67 

20 

86 

85 

60 

alk. 

30 

98 

97 

40 

109 

108 

45 

II 

50 

116 

114. 

5 

(gas) 

60 

118 

116 

40 

acid 

70 

120 

118 

80 

118 

116 

60 

alk. 

90 

114 

113 

100 

108 

107 

55 

All 

110 

103 

102 

remaining 

120 

-  97.5 

95. 

5 

55 

samples 

130 

92 

91 

alkaline. 

140 

87 

86 

50 

150 

82 

81 

160 

78 

77 

52 

170 

75 

74 

180 

72 

71 

50 

190 

68 

67 

200 

65 

64. 

5 

53 

210 

62 

62 

220 

59 

S9. 

5 

55 

230 

57 

57. 

5 

240 

55 

55. 

5 

50 

250 

54 

54-. 

5 

260 

52 

51 

45 

270 

50 

49. 

5 

GAS 

280 

38 

37 

POINT 

290 

32 

31. 

5 

300 

23 

22. 

5 

RE-IAEKS. 

310 

15 

15 

Residue  in  tank. 

320 

10 

10 

3i  oz 

str.  acid. 

330 

7 

7 

340 

7 

7 

Poor  s 
puis  at 

itream.  - 
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OPER/VTIOH  TEST   110.    40. 

Water  38  Gals.   Soda  20  Lbs.   Acid  6  Lbs, 
Solution  Temperature  40  degs.  Pahr. 


Time 

Pressure 

Far.  Drops 

Stream 

S^c. 

Obs. 

True 

Ft. 

Sampl  es 

10 

24. 

5 

23.5 

20 

38 

37 

50 

All  sam- 

30 

46 

44.5 

ples  in  t 

40 

55. 

55.5 

55 

this  test 

50 

64. 

5 

63.5 

alkaline, 

60 

72 

70 

60 

moderate 

70 

77 

76 

(gas) 

intensity. 

80 

79 

78 

50 

90 

75. 

5 

74.5 

100 

72 

71 

55 

110 

65 

64 

120 

60 

60.5 

50 

130 

56 

56.5 

140 

53 

53.5 

50 

150 

52 

52 

160 

50. 

5 

50 

45 

170 

49. 

5 

48.5 

180 

47. 

5 

46.5 

45 

190 

46 

45 

200 

45 

44.5 

42 

210 

43 

41.5 

220 

42 

40.5 

45 

230 

41 

40 

240 

40 

38.5 

42 

250 

39. 

5 

38 

Data  continued  on  next  page. 
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DATA  -  TEST  110.    40.-  CONTINUED. 


Time 

Pi 

•essure 

Par.  Drops   S 

S_ec. 

Ots 

'• 

True 

11*                 - 

260 

37 

36 

42 

270 

36 

35 

280 

35 

34 

42 

290 

35 

34 

300 

33 

33 

40 

310 

33 

33 

320 

33 

33 

35 

330 

33 

33 

340 

32. 

5 

31 

43 

350 

32 

30.5 

360 

31. 

5 

30 

43. 

370 

30. 

5 

29 

380 

25 

24 

GAS 

390 

18 

17 

POINT. 

400 

13 

13 

410 

8 

8 

420 

7 

7 

430 

6 

6 

RmiAHKS 

Residue 

in 

tank. - 

•  4  oz.  -  acid. 

Stream 
Sampl  es 
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OPERATK^N  TEST   NO.    41. 

Water  38  Gals.   Soda  20  Lbs.   Acid  6  Lbs. 
Solution  Temperature  70  degs.  Pahr. 


Time 

Pressure 

Par,  Drops 

Stream 

S^c. 

Obs. 

True 

Pt. 

Sampl es 

10 

33 

31 

20 

53 

52 

52 

All  sam- 

30 

68 

66 

ples  in 

40 

77 

7  5.5 

62 

this  test 

50 

86 

84 

alkaline, 

60 

98 

96 

68 

getting 

70 

108 

106 

(gas) 

weaker 

80 

118 

116 

50 

toward 

90 

113 

111 

end  of 

100 

107 

105 

58 

test. 

110 

99.5 

97.5 

120 

92.5 

90.5 

55 

130 

85 

83 

140 

78 

76.5 

55 

150 

75 

73.5 

160 

72 

70 

48 

170 

68.5 

66.5 

180 

65 

63 

50 

190 

61 

61 

200 

58 

58 

50 

210 

56 

56 

220 

55 

55 

45 

230 

54 

53.5 

240 

53 

52 

45 

250 

52 

50.5 

260 

49.5 

48 

45 

270 

48 

46 

280 

47 

45 

45 

290 

45 

43 

300 

36 

34 

GAS 

310 

28 

26.5 

POIITT 

320 

20 

19.5 

RELIARKS 

330 

13 

13 

Residue 

;  in  tank . - 

340 

9 

9 

4  oz.  - 

acid. 

350 

7 

7 

Good  Stream. 
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OPERATION  TEST  NO.  42. 

Water  38  Gals.   Soda  20  Lbs.   Acid  6  Lbs. 
Solution  Temperature  90  degs.  Fahr. 


Time 

Pressure 

Par.  Drops 

Stream 

S^c. 

Ob  8. 

True 

Pt. 

Sampl  es 

10 

72 

71 

20 

95 

94 

55 

30 

109 

108 

All  sara- 

40 

112 

111 

58 

pl es  in 

50 

118 

116 

(gas) 

this  test 

60 

121 

119 

45 

alkaline. 

70 

124 

122 

80 

120 

118 

58 

90 

112 

111 

100 

103 

102 

57 

110 

95 

94 

120 

87 

86 

60 

130 

80.5 

80.5 

140 

77 

76 

45 

150 

73 

72 

160 

70 

69 

55 

170 

66 

65.5 

180 

63 

62 

55 

190 

60 

60.5 

200 

57 

57.5 

52 

210 

55 

55.5 

220 

54.5 

54.5 

50 

230 

54.5 

54.5 

240 

52 

52 

55 

250 

50 

49.5 

260 

49.5 

49 

50 

270 

43 

42 

280 

33 

32.5 

GAS 

290 

31 

30.5 

POINT 

300 

18 

17 

310 

12 

12 

ETT'I^EKS 

320 

8 

8 

Residue 

in  tank. - 

330 

7 

7 

"5^-   oz.  - 

•  acid. 
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OPERATION  TEST   NO.  43. 

Water  38  Gals.   Soda  20  Lts,   Acid  5  L"bs. 
Solution  Temperature  40  degs.  Palir, 


Time 

Pressure 

Par.    Drotjs 

Stream 

Sec. 

Ots. 

True 

Zi. 

Sara-oles 

10 

36 

35 

20 

52. 

5 

51 

60 

All   sam- 

30 

63 

63 

ples   in 

40 

60 

this   test 

50 

73 

71 

alkaline. 

60 

65 

64 

60 

mediuiii 

70 

60 

60. 

5 

strength. 

80 

55 

55. 

5 

60 

90 

52 

51 

100 

50 

49 

55 

110 

46. 

5 

45 

120 

44. 

5 

43 

52 

130 

42 

40, 

5 

140 

41 

40 

47 

150 

40 

39 

160 

38 

37 

42 

170 

37 

36 

180 

36 

35 

43 

190 

35 

34 

200 

34 

33 

42 

210 

33. 

5 

32 

220 

33 

32 

45 

230 

32. 

5 

31 

240 

32. 

5 

31 

41 

250 

32 

30. 

5 

Data  continued  on  next  page. 
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DATA 


TEST  HO.    43.    -    CONTimJED. 


Time 

Pressure 

Par.  Drops 

Stream 

Sec. 

o;bs. 

True 

Ft. 

Sampl es 

260 

32 

30.5 

40 

270 

32 

30.5 

280 

32 

30.5 

38 

290 

31 

29.5 

300 

28 

27 

39 

310 

27.5 

26.5 

320 

26.5 

25.5 

40 

330 

26 

25 

340 

25.5 

24.5 

40 

350 

25.5 

24.5 

360 

25 

24 

40 

370 

24.5 

23.5 

380 

24 

23 

38 

390 

23.5 

22.5 

400 

22.5 

21.5 

38 

410 

22 

21 

420 

21 

20 

35 

430 

17 

17 

GAS 

440 

12 

12 

POINT 

450 

9.5 

9.5 

460 

7 

7 

470 

7 

7 

480 

6 

6 

RELIARI-IS. 
Residue  in  tank.-     4   oz.-   acid. 
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OPERATION  TEST  NO.  44. 

Water  38  Gals.   Soda  20  LIds.   Acid  5  Lbs, 
Solution  Temperature  70  degs.  Pahr. 


Time 

Pressure 

Ear.  Drops 

Stream 

S^c. 

Ob  8. 

True 

Zt. 

Sampl es 

10 

32 

30 

20 

45. 

5 

43. 

5 

50 

All  sam- 

30 

52 

50. 

5 

ples  in 

40 

55 

55 

57 

this  test 

50 

58 

58 

alkaline. 

60 

64 

62 

57 

70 

74. 

5 

73 

80 

85 

83 

63 

90 

91 

89 

100 

90 

88 

65 

110 

83 

82 

120 

86 

84 

63 

130 

70 

68 

140 

63 

61. 

5 

50 

150 

58 

57. 

5 

160 

55 

55 

48 

170 

54 

54 

180 

52. 

5 

51 

47 

190 

50, 

5 

49 

200 

49 

48 

48 

210 

47. 

5 

45. 

5 

220 

46 

44 

46 

230 

45 

43 

240 

43 

41 

48 

250 

42. 

5 

40. 

5 

260 

40 

38 

48 

270 

39 

37 

280 

38 

36 

45 

290 

37 

35 

300 

35. 

5 

34. 

5 

42 

310 

35 

34 

320 

33 

31 

42 

330 

30 

28 

340 

22 

20. 

5 

GAS 

350 

15 

14. 

5 

POINT 

RETT /IRKS. 

360 

10 

10 

Residue  in  tank 

370 

7 

7 

4  oz. 

, -  acid. 

PIKE 

STREAM 

ALL  THRU 

TEST. 

95  - 


OPERATION  TEST  NO.  45. 

Water  38  Gals.   Soda  20  Lbs,   Acid  5  LTds. 
Solution  Temperature  90  degs.  Pahr. 


Time 

Pressure 

Par.  Drot)B 

Stream 

S^c, 

Obs. 

True 

Ft. 

Sampl es 

10 

20 

100 

99 

62 

30 

107 

106 

All  sam- 

40 

113 

112 

65 

ples  in 

50 

118 

117 

this  test 

60 

117 

116 

65 

strongly 

70 

110 

109 

alkaline. 

80 

101 

100 

60 

90 

94 

93 

100 

85 

83.5 

60 

110 

77 

76 

120 

74 

73 

50 

130 

70 

69 

140 

65 

64.5 

45 

150 

60 

60.5 

160 

58 

58.5 

45 

170 

55 

55.5 

180 

54 

54.5 

47 

190 

53 

53 

200 

51 

50.5 

45 

210 

50 

50 

220 

48.5 

48 

45 

230 

46.5 

46 

240 

45 

43.5 

45 

250 

44 

42.5 

260 

43 

41.5 

42 

270 

40 

39 

280 

38 

37 

GAS 

290 

31 

30.5 

POINT 

300 
310 

21 

14 

20.5 
14 

Residue 

kwta.kk:s. 

3  in  tank.- 

320 

9 

9 

4  oz.  - 

acid. 

330 

6 

6 

Fair  Stream. 
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CONCLUSION 


GONCIUSIOH 

It  is  not  intend-ed  that  this  thesis  should 
include  a  discussion  of  all  the  many  possible 
phases  of  the  work.  The  theory  pertaining  to  the 
chemical  reactions  and  the  laws  of  physics  involved 
are  not  considered  pertinent  to  a  treatise  on  the 
operating  characteristics  of  a  chemical  engine. 
Proper  investigation  of  either  of  these  stibjects 
would  necessitate  a  v;ide  divergence  from  the  sub- 
ject in  hand,  A  few  points,  hov/ever,  are  deemed 
worthy  of  at  let'st  some  slight  discussion. 

Boyle^s  lav;  states  that,  for  a  constant  tem- 
perature, the  pressure  due  to  a  given  weight  of 
gas  is  inversely  proportional  to  the  volume.  In 
accordance  with  this  law,  one  v/ould  be  led  to  be- 
lieve that  for  a  constant  temperature  the  pressure 
generated  in  the  tank  varies  inversely  as  the  vol- 
ume of  the  air  space.  It  is  a  fact  however,  that 
with  increase  of  jjresstire  increasing  amotmts  of  gas 
go  into  solution,  and  becauee  of  this  fact  the  pres- 
sure developed  v/ill  be  lower  than  a  consideration 
of  Boyle's  law  v/ou.ld  lead  one  to  believe, 
-  99  - 


GOUCLUSIOK 

Also,  by  a  consideration  of  Charles'  law, 
which  states  thst  for  a  constant  volnme  of  gas, 
the  pressure  deyeloped  by  a  given  weight  of  it  is 
directly  proportional  to  the  tenperattire,  it  is  ev- 
ident that  variations  in  temperature  will  effect  the 
pressure  produced  within  the  tank.  The  extent  of 
this  variation  may  be  determined  from  the  equation: 
PV  .  P.  V, 

P  &  P,  Pressure 

Y  &  V,  Volume 

T  ^  T,   Absolute  Temperature. 
Therefore ,  maintaining  a  constant  volume  and 
substituting  the  Absolute  temperature  values  cor- 
responding to  forty  and  ninety  degrees  Fahr,  for 
T  and  T,  respectively,  it  may  be  seen  that  the  pres- 
sure at  ninety  degrees  is  I.I  times  as  great  as  that 
at  forty  degrees.  This  effect  is  modified  hov/ever, 
by  the  excessive  heat  radiation  from  the  tank. 

With  the  above  facts  in  mind,  some  of  the  char- 
acteristics of  the  curves  shovm  in  connection  with 
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COITCIUSIOU 

the  data  obtained  are  easily  accounted  for. 

The  curves  shov;  in  each  instance ,  that  the 
highest  pressures  obtained  were  for  the  runs  made 
at  ninety  decrees  Fahr, 

It  may  be  noted  also  that  as  a  rule  the  in- 
crease in  pressure  from  forty  to  seventy  degrees 
is  proportionally  greater  than  the  increase  from 
forty  to  ninety  degrees.  This  is  because  the  a- 
mount  of  carbon  dioxide  gas  \7hich  goes  into  solu- 
tion at  the  higher  temperatures  is  greater  than 
that  which  dissolves  at  the  lov/er  temperatures. 
This  is  in  accordance  v/ith  the  facts  stated  in  the 
foregoing.  Any  deviations  from  this  rule  may  be 
attributed  to  irregularities  in  the  conditions 
attending  the  test. 

For  each  test  a  record  v/as  made  cf  the  amount 
and  characteristics  of  the  residue  remaining,  that 
is,  whether  it  v/as  acid  or  alkaline.  It  is  desirable 
that  the  residue  be  as  small  as  possible,  and  that 
it  be  slightly  alkaline.  This  indicates  a  complete 
exhaustion  of  the  acid;  and  therefore  that  the 
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wetted  objects ,  and  the  interior  of  the  tank 
have  not  ceen  siibmitted  to  the  corrosive  action 
which  an  acid  stream  causes. 

The  amount  of  flow  of  the  acid  should  te  such 
that  a  stream  sample  taken  at  any  time  v/ill  be 
slightly  or  moderately  alkaline.  An  acid  sample 
proves  that  the  objects  v/etted  by  the  stream  have 
been  subjected  to  corrosion;  and  a  strongly  alka- 
line sample  indicates  that,  at  the  time  the  stream 
sample  was  taken,  the  acid  flow  v/as  not  as  fast  as 
conditions  permitted,  'I'he  data  proves  that  it  is 
not  at  all  impossible  that  all  stream  samples  be 
either  slightly  or  moderately  alkaline. 

In  practically  every  test  the  residue  was 
strongly  acid.  It  is  believed  that  this  was  due, 
not  so  much  to  a  great  excess  of  acid,  but  rather 
to  a  few  remaining  drops  of  acid  from  the  bottle, 
which  strongly  acidified  the  residue  after  the 
reaction  proper  had  subsided.  Investigation  of  the 
viscosity  of  tZae  acid  proved  this  siipposition 
plausible.  Besides,  almost  invariably,  the  last  few 
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stream  samples  proved  to  be  alkaline;  even  samples 
taken  of  the  spray  after  the  solid  stream  had  ended 
proved  to  "be  alkaline. 

Notations  were  also  made  indicating  whether 
or  not  excess  carbon  dioxide  gas  vras  emitted  with 
the  stream.  Although  it  is  practicelly  impossible 
to  prevent  some  gas  from  escaping,  the  amount  can  be 
reduced  to  a  minimum  by  correct  design  of  the  stopple, 
and  therefore,  a  proper  regulation  of  the  flow  of 
acid.   Too  fast  a  flow  will  cause  the  pressure  to 
build  up  to  a  degree  which  will  cause  the  ca,rbon  di- 
oxide gas  to  seek  excess  before  all  the  V7ater  has 
been  forced  out.   This  results  in  the  undesirable 
emission  of  gas  with  the  water.  Such  emission  of  gas 
is  not  only  undesirable  in  that  it  materially  re- 
duces the  available  pressure  within  the  tank,  but 
in  addition,  it  causes  such  jerking  of  the  nozsle 
as  tends  to  confuse  an  inexperienced  operator.  It 
becomes  difficult  for  the  operator  to  direct  the 
stream;  and  the  accompanying  explosive  noises  tend 
to  add  to  the  excitement  of  an  occasion  which  calls 
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for  the  use  of  a  chenical  engine.  It  is  important 
therefore,  that  the  design  of  the  stopple  or  appa- 
ratus as  a  whole,  te  such  that  a  maximum  pressn.re  te 
obtained  without  the  emission  of  gas. 

It  v/as  found  that  in  everj'-  instance  in  v;hich 
the  pressu.re  huilt  up  quickly,  a  great  deal  of  gas 
was  emitted  vrith  the  stream  at  about  the  maximum 
point.  In  order  that  the  pressure  huild  up  quickly 
and  attain  the  maximum  valtie  required,  the  flow  of 
acid  must  be  fast;  but  if  the  flow  is  too  fast  the 
gas  is  generated  too  rapidly  and  thereresults  an 
emission  of  some  gas  with  the  stream.  It  seems  im- 
possible that  a  stream  be  both  free  from  gas  spurts 
and  have  a  high  maximum  pressure  within  the  first 
forty  to  sixty  seconds  after  the  tank  is  inverted, 
as  present  standards  reqiiire.  Cxirve  B  and  the  cor- 
responding data  of  test  44  illustrate  that  it  is  pos- 
sible to  obtain  a  stream  practically  free  of  gas 
spurts  but  v;ith  comparatively  low  and  retarded  max- 
imum pressure. 

V/e  believe  that  it  is  more  important  that  the 
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stream  be  free  of  gas  emissions  than  to  have  a  high 
maxin-um  pressure  at  the  time  speoified.  If  these  two 
factors  can  not  be  combined,  the  former,  v/e  believe, 
should  talce  precedence,  unless  a  lov;er  maximum  pressure 

be  ad op ted o 

Relations  betv/een  pressure  and  the  m.axiraum  dis- 
tance traveled  by  the  stream  were  not  subjected  to  a 
thorough  investigation.  5)hey  were  not  at  first  con- 
sidered as  a  special  feattire  of  the  work,  and  the 
data  obtained,  because  of  its  character,  does  not 
furnish  adequate  interpretation  of  this  phase  of  the 
Y/orlr,  Referring  to  test  ITumber  2,  it  is  seen  that  the 
pressure  varied  from  68  to  100  pounds  per  square  inch 
for  a  constant  maximum  distance  of  72  feet.  A  perusal 
of  the  data  will  show  this  peculiarity  to  be  not  un- 
common, i'est  Number  5  shows  the  pressure  to  have  va- 
ried from  94  to  125  pounds  per  square  inch  for  a 
constant  maxim;mi  distance  of  67  feet.  It  seems  as 
though  the  discharge  at  a  low  pressure  and  free  from 
gas  spurts  is  approximately  equivalent  in  travel  to 
one  at  a  high  pressure  having  such  gas  emissions, 
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This  theory  is  emphasized  when  we  consider  that  in 
both  tests  mentioned,  and  also  a  majority  of  all 
others,  the  distance  of  travel  immediately  asstimed 
a  certain  value,  remained  so  while  the  pressure 
"built  up  to,  or  near,  a  maximum,  and  then  decreased 
as  soon  as  gas  was  emitted  with  the  water. 

Approximately  the  latter  half  of  the  tests 
v/ere  run  out-doors.  Varying  air  currents  caused  the 
distance  readings  to  be  somewhat  inconsistent  as 
compared  to  those  taken  for  the  tests  made  in  the 
laboratory;  but  the  inconsistency  is  not  important, 
because  such  comparisons  were  not  necessary. 

It  would  be  well  to  conduct  special  tests 
relative  to  the  conditions  v;hich  tend  to  give  the 
most  efficient  stream.   Such  tests  would  involve  a 
consideration  of  the  proper  maximum  pressure  v/hich 
would  prohibit  gas  emission,  and  cause  the  str^-am 
to  travel  a  maximum  distance.   Such  investigations 
should  not  be  lirnited  to  tests  with  present  "normal" 
charges.   Instead,  charges  such  as  were  used  for 
these  tests  (for  instance,  test  44)  should  be  used, 
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■because  of  the  fact  that  good  results  were 
obtained  from  them. 

We  submit  this  thesis  as  an  investigation 
of  very  general  nature,  and  hope  that  more  exten- 
sive inquiry  will  "be  made  relative  to  those  points 
here  mentioned  as  most  important. 
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